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Abstract 
The residual stress generated in the manufacturing process of inertial platform causes the drift of inertial platform parameters 
in long-term storage condition. However, the existing temperature cycling experiment could not meet the increased repeatability 
technical requirements of inertial platform parameters. In order to solve this problem, in this paper, firstly the Unigraphics (UG) 
software and the interface compatibility of ANSYS software are used to establish the inertial platform finite element model. 
Secondly, the residual stress is loaded into finite element model by ANSYS function editor in the form of surface loads to ana-
lyze the efficiency. And then, the generation based on ANSYS simulation inertial platform to accelerate the stability of experi-
ment profile is achieved by the application of the analysis method of orthogonal experimental design and ANSYS ther-
mal-structural coupling. The optimum accelerated stability experiment profile is determined finally, which realizes the rapid, 
effective release of inertial platform residual stress. The research methodology and conclusion of this paper have great theoretical 
and practical significance to the production technology of inertial platform. 
Keywords: inertial platform; residual stresses; accelerated stability; orthogonal experimental design; ANSYS thermal-structural 
coupled analysis 
1.  Introduction 1 
The key component of platform inertial navigation 
system is inertial platform, to which high-precision 
inertial instruments, such as gyroscopes and acceler-
ometers are attached. Inertial platform, together with 
frame and bearings, forms the platform inertial naviga-
tion system with the function of isolating vibration 
from outside environment and providing working plat-
form to gyroscopes and accelerometers to solve missile 
navigation position parameters. In addition, as the 
navigation structure is completely independent from 
any outside information, the platform inertial naviga-
tion system is widely applied to the navigation and 
positioning of all carriers [1-2]. 
With low density, high strength and good hot-working 
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property, aluminum alloy is the often-used material of 
inertial platform [3-4]. Theoretical research and long-term 
engineering experience have shown that the crystalline 
structure of this kind of alloy is susceptible to the 
non-uniformity of mechanical stress and thermal stress 
during the manufacturing process. As a result, a large 
amount of residual stress after machining, assembly 
and other production processes remains in inertial 
platform. And without the stimulation of outside force, 
it will keep its internal structure balance in inertial 
platform [5-7]. However, with inevitable incentive stress 
from external environment in storage condition, this 
balance is disturbed. And then residual stress is re-
leased, resulting in the deformation of inertial platform 
structure and seriously affecting the stability of inertial 
navigation parameters (such as misalignment angles 
and heading sensitive drift) [8-9]. According to Refs. 
[10]-[12], the temperature cycle and vibration can im-
prove the non-uniformity of internal structure, weaken 
the balance between material elastic-plastic deforma-
tion and residual stress, reduce residual stress and im-
Open access under CC BY-NC-ND license.
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prove material strength and dimensional stability. 
Temperature cycle is commonly used in engineering 
practice to remove residual stress. With the increase of 
the stability index of inertial platform parameters, the 
existing temperature cycling experiment profile cannot 
meet the long-term stability requirement of inertial 
platform parameters. Therefore, exploring a new ac-
celerated stability profile based on current temperature 
experiment profile is urgent, which aims at the com-
plete release of residual stress and has great signifi-
cance to the further improvement of stability design of 
inertial platform parameters. 
In the traditional design of experiment profile, with 
the rated sample size and experiment ending criterion, 
the optimal experiment profile was determined by 
monitoring the output parameters under different ex-
periment loads and analyzing these parameters com-
prehensively [13-14]. However, it is difficult for inertial 
platform to realize this monitoring of residual stress 
because of its high cost, complex parameter testing and 
large consumption of time and energy. Therefore, this 
paper presents a generation method based on ANSYS 
simulation inertial platform to accelerate the stability of 
experiment profile. Firstly, the finite element model of 
inertial platform is established using Unigraphics (UG) 
software and ANSYS software. And then the effec-
tiveness of this model is verified. Secondly, with the 
aid of orthogonal experimental design and ANSYS 
thermal-structural coupling analysis method, the key 
design factor is found out to determine a group of su-
perior accelerated stability experiment profiles with 
comprehensive analysis. Finally, the simulation optimal 
profile is verified by the actual test, and the impact of 
vibration is also considered to supporting the conclu-
sions. The research methods and conclusions of this 
paper provide an approach for the effective design of 
the accelerated stability experiment profile of inertial 
platform in engineering. And they are also of great 
directive significance to the elimination of inner resid-
ual stress of inertial platform and the improvement of 
its parameter repeatability. 
2.  Modeling and Verification of Inertial Platform 
2.1. Description of inertial platform 
Inertial navigation system is mainly composed of 
inertial platform, azimuth ring, pitch ring, rolling ring, 
sheathing and its connecting structure. They provide 
navigation parameters with stabilized platform, orien-
tation information, pitch angle, rolling angle and isola-
tion environment respectively. Figure 1 shows the as-
sembly structure. The inertial platform (the hatching 
line in Fig. 1) is used for the high-precision and rigid 
fixing of accelerometers and the position of gyroscopes. 
And it also forms the servo loop with servo circuit 
through a specified way, aimed at isolating the vehicle 
angular movement and providing inertial navigation 
system with the three-axial absolute acceleration 
measurements to calculate the velocity, location and 
other navigation information of the texting platform. 
At the same time, the gyroscope installed in inertial 
platform is used to measure the related angular move-
ment [15]. 
 
Fig. 1  Assembly structure of inertial navigation systems. 
2.2. Finite element modeling and analysis of inertial 
platform 
With detailed analysis, the drift of 0.01 (°)/h inertial 
platform will cause about 0.6 nm/h position error of 
inertial navigation system, showing that navigation 
accuracy of inertial navigation system largely depends 
on the drift of inertial platform. Structural deformation 
caused by the release of residual stress is the main in-
fluencing factor of the drift of gyroscope misalignment 
angle error of inertial platform [16-17]. The thoughts of 
inertial platform finite element modeling are shown as 
follows. 
Firstly, the equal-ratio solid model of inertial plat-
form is established. This model is modeled by UG          
software with physical dimensions. And then it is im-
ported into ANSYS software with the Parasolid format. 
At last, appropriate topology modification and geome-
try restoration are conducted. 
Secondly, the loading condition of inertial platform 
is defined. According to the installation type of accel-
erometers and gyroscopes in inertial platform, their 
preload and quality are loaded in the form of concen-
trated stress. The mass of accelerometers and gyro-
scopes is 100 g and 450 g respectively. Their preload is 
24.5 N. 
Then, the boundary condition of inertial platform is 
confirmed. According to the assembly relationship of 
inertial platform in inertial navigation system, the joint 
displacement between inertial platform and orientation 
ring is restricted to zero. Taking the ANSYS heat 
transfer characteristics and inertial navigation system 
sheathing space into consideration, an air column out-
side of inertial platform is established with a diameter 
of 150 mm and a height of 135 mm. 
Finally, the material change model changing with 
temperature shown in Eq. (1) and the coefficient of 
thermal expansion 2.412×105 m/°C are both discretely 
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input into the finite element model of inertial platform. 
And the free meshing method of 6-grade is used to 
mesh the inertial platform. At the same time, the key 
parts are grid-refined. Ultimately, there are 9 077 nodes 
and 10 002 elements in the finite element grid model of 
inertial platform. There are 71 427 nodes and 57 359 
elements in the finite element grid model of the air 
column. The established finite element model of iner-
tial platform is shown in Fig. 2, and a1, a2, a3 are the 
even-distributed points. 
 
Fig. 2  Inertial platform finite element model. 
 
19.35 18.51/295.156 5 e TE    (1) 
where E is the modulus of elasticity, and T the abso-
lute temperature. 
2.3.  Efficiency verification of finite element model 
In response to the force of temperature cycling, the 
residual stress of inertial platform is quickly released 
and the inertial platform is gradually stabilized. Its 
corresponding misalignment angles and heading sensi-
tive drift show the law of gradual stability. However, 
research has shown that the influencing factors of 
heading sensitive drift are complex, and there is no 
specific relationship between the stability of parame-
ters and the residual stress release [18]. Thus, in this 
paper, the gyroscope misalignment angle is used to 
verify the effectiveness of the finite element model of 
inertial platform. Under the condition of temperature 
cycle, the horizontal gyroscope misalignment angle 
experiment and simulation computation are conducted 
respectively. The effectiveness of the above finite ele-
ment model of inertial platform is analyzed by com-
paring the consistency of the drift law of gyroscope 
misalignment angle after each temperature cycling in 
the two methods mentioned above. The verification 
and analysis process for the model’s effectiveness are 
shown in Fig. 3. 
 
 
Fig. 3  Verification flow of inertial platform finite element model.
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2.3.1.  Computational method of horizontal gyroscope 
misalignment angle 
In engineering application, the fitting surface of gy-
roscope is closely connected with the inertial platform, 
so the variation of inner residual stress of inertial plat-
form cannot be measured directly. Therefore, the 
computational method of the horizontal gyroscope 
misalignment angle is deduced by measuring the nu-
merical calculation of each site on the fitting surface. 
The computational method of the horizontal gyroscope 
misalignment angle is to take the vertical gyroscope in-
stallation surface as the reference basement and measure 
the coordinate figure of even-distributed points 1 2 3, ,a a a  
(as shown in Fig. 2). Their coordinate figures 
are    
1 1 1 2 2 2
, , , , , ,a a a a a aX Y Z X Y Z  3 3 3, ,a a aX Y Z .Then 
the computational formula of the horizontal gyroscope 
misalignment angle is as follows: 
 
max min
arctan ( 1, 2,3)
max min
i i
i i
a a
Z
a a
Y Y
i
X X


 

 (2) 
2.3.2.  Experiment measurement of horizontal gyro-
scope misalignment angle 
The experiment measurement of horizontal gyro-
scope misalignment is conducted under the condition 
of current production method (six cycles) of tempera-
ture cycling profile. The profile of the current tem-
perature cycling is shown in Fig. 4, t is the time. 
 
Fig. 4  Profile of current temperature cycling. 
In response to the force of the temperature cycle in 
Fig. 4, three coordinates measuring machine is used to 
measure the coordinate figures of each evenly-distrib-
uted point 1 2 3, ,a a a in horizontal gyroscope fitting sur-
face after each temperature cycle. And then the coor-
dinate figure is calculated with Eq. (1). The experiment 
measurements of horizontal gyroscope misalignment 
angle are shown in column 2 of Table 1. 
2.3.3. Simulation computation of horizontal gyrosco-
pe misalignment angle 
Analysis based on the simulation computation flow  
Table 1  Horizontal gyroscope misalignment angle data 
Cycling 
number 
Experiment  
  data/ (°) 
Simulation 
data/ (°) 
Relative 
error/% 
Initial 
moment 
0.004 0.004 0 
Cycle 1 0.038 0.038 0 
Cycle 2 0.017 0.016 6.25 
Cycle 3 0.034 0.033 3.03 
Cycle 4 0.015 0.016 6.70 
Cycle 5 0.031 0.029 6.90 
Cycle 6 0.017 0.016 6.25 
 
of horizontal gyroscope misalignment angle is shown 
as follows. 
1) Transient thermal analysis of inertial platform  
According to the theory of ANSYS transient thermal 
analysis [19], ANSYS parameter design language 
(APDL)  is used to compile the temperature cycling 
profile in Fig. 4 into APDL command, which is loaded 
into the outer surface of air column to realize the tran-
sient thermal analysis of inertial platform. 
2) Thermal-structure coupled analysis of inertial 
platform 
The thermal-structure analysis has two meanings. 
On the one hand, it refers to reading the physical file 
result of thermal analysis based on the transient ther-
mal analysis mentioned above. On the other hand, it 
refers to loading residual stress into the finite element 
model of inertial platform, and then analyzing the 
change rule of the horizontal gyroscope misalignment 
angle under the work of temperature cycling (six cy-
cles) shown in Fig. 4. Residual stress is loaded into 
gyroscopes and the key installation sites of acceler-
ometer in the form of surface stress. As for the details, 
please see the following research.  
3) Conforming and loading of residual stress  
The inner residual stress distribution of inertial plat-
form in engineering application cannot be measured 
directly, so in this paper the ZL101A test standard 
component of the same material with inertial platform 
is selected to undergo the same temperature cycle pro-
file of inertial platform. And then the residual stress 
value after each temperature cycle is measured. The 
results are shown in Table 2.  
Table 2  Residual stress measurement of ZL101A alu-
minum alloy standard parts  
Measurement time Residual stress/MPa 
Initial moment 70.45             
Cycle 1 57.64             
Cycle 2 4.08             
Cycle 3 35.07             
Cycle 4 8.69             
Cycle 5 26.38             
Cycle 6 14.45             
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The temperature cycling results are used to fit the 
data in Table 2. The result is shown in Fig. 5. 
 
Fig. 5  Changing curve of residual stress of ZL101A alumi-
num alloy standard parts. 
From Fig. 5, it can be obtained that the changing law 
of the residual stress value of ZL101A aluminum alloy 
with time is consistent with the free vibration law of 
small damping system, which can be identified by pa-
rameter identification method. And the expression can 
be determined as follows: 
  0.021 670.615 3 e cos 0.332 2 43.839 9tF t 	  (3) 
The changing law of residual stress with time in Eq. 
(2) is loaded into the finite element model of inertial 
platform. At the same time, with the comprehensive 
influence of parameters reflecting the temperature 
characteristics, such as the material creep model and 
the thermal deformation of structure, the changing law 
of the residual stress of inertial platform with tempera-
ture and time is obtained. The loading way of residual 
stress in the thermal-structure coupling analysis of in-
ertial platform is: the change law model of residual 
stress with time in Eq. (2) is loaded into inertial plat-
form by ANAYS Function Editor in the form of func-
tion to realize the simulation thermal-structure cou-
pling analysis of inertial platform. The data of the 
horizontal gyroscope misalignment angles under the 
work of temperature cycle is shown in column 3 of 
Table 2.  
2.3.4. Effectiveness verification of finite element 
model  
It can be obtained from Fig. 1 that the change law of 
horizontal gyroscope misalignment angles in experi-
ment measurement is close to that in simulation com-
putation. The relative error of data is less than 10%, 
which reveals that the simulation computation result of 
horizontal gyroscope can approximately reflect the 
releasing law of inertial platform residual stress under 
the work of temperature cycle. Thus, the established 
finite element model of inertial platform is effective.  
3. Generation of Accelerated Stability Experiment 
Profile of Inertial Platform  
First of all, based on the finite element model of in-
ertial platform in Section 1, the simulation analyzing 
thought of horizontal gyroscope misalignment angle 
error in Fig. 3 and the loading function of residual 
stress in Eq. (2), the orthogonal design of accelerated 
stability experiment profile of inertial platform is con-
ducted to find out the key experiment design parame-
ters, with which several groups of superior experiment 
profiles are determined. Then, the experiment is con-
ducted continuously to figure out the needed tempera-
ture cycle numbers for the horizontal gyroscope mis-
alignment angles to keep stabilization under superior 
experiment profile. Finally, the optimum accelerated 
stability experiment profile of inertial platform is de-
termined by taking the current operational condition 
into consideration. 
3.1. Orthogonal experimental design  
3.1.1.  Determination of experimental indicator, pa-
rameter and level  
The standard deviation in engineering application is 
usually used to describe the repeatability level of the 
horizontal gyroscope misalignment angle of inertial 
platform. The smaller the standard deviation is, the 
better the stability level becomes. Thus, in this paper, 
the initial experiment data and the data of all the seven 
experiments after each temperature cycle are taken as 
the standard deviation. It can be obtained from Fig. 4 
that the design factors of the accelerated stability ex-
periment profile of inertial platform are temperature 
variation rate, high temperature value and holding time. 
The principle of these three parameters and three levels 
orthogonal experimental design are shown in the fol-
lowing part [20]. 
1) The design of temperature variation rate: the op-
erating limit temperature variation rate of the enhanced 
experiment equipment is 50 °Cmin. Thus, the three 
levels of temperature variation rate are 20, 35 and 50 
°Cmin. 
2) The design of temperature range: based on the 
temperature range of inertial navigation system’s criti-
cal components (e.g., the operating temperature limits 
of accelerometers and gyroscopes are 50-90 °C [21] 
and  62-148 °C [22] respectively) and the functional 
requirements of other instruments, the high tempera-
ture design limit of inertial platform is determined to 
be 90 °C. Therefore, the high temperature levels for 
orthogonal experimental design are taken as 70, 80 and 
90 °C. Engineering experience has shown that low 
temperature has small influence on residual stress re-
lease of inertial platform. Thus, the low temperature 
value in orthogonal experimental design is set to be  
50 °C constantly.  
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3) The design of holding time: the holding time of 
temperature cycling profile in production process is 2 h. 
The mechanism analysis result reveals that the appro-
priate expansion of holding time can effectively release 
the residual stress. Thus, the holding time of three levels 
is set to be 2 h, 3 h and 4 h respectively. And the holding 
time for low and high temperature is the same. Then, the 
defined factors and levels are shown in Table 3.  
Table 3  Design results of accelerated stability orthogo-
nal experiment of inertial platform  
Design parameter Design level 
Temperature variation rate/˄ °C·min1˅ 20, 35, 50 
High temperature value/°C 70, 80, 90 
Holding time/h 2, 3, 4 
3.1.2. Orthogonal experimental analysis  
The L9(33) orthogonal experimental design table is 
selected to conduct the orthogonal experimental design. 
The experimental design profile is the same as the cur-
rent temperature cycling profile in Fig. 4. The repeat-
ability results after six temperature cycles is conducted 
by the orthogonal experimental analysis. 
The orthogonal experimental results of the accele- 
rated stability experiment profile of inertial platform 
are shown in Table 4. 
In this table, 1, 2, 3 are the sum of index “1”, 
“2”, “3” values respectively, corresponding to each 
column. And the range means the difference between 
the maximum and minimum of 1,  2, 3. 
According to the principle of orthogonal experimen-
tal analysis, large range means that the difference of 
standard caused by different parameter levels is large. 
This is the key factor. Thus, the sequence of all the 
factors in the orthogonal experiment of inertial plat-
form’s accelerated stability is holding time > high 
temperature > temperature variation rate. It can be ob-
tained from the results of orthogonal experiment in 
Table 4 that the higher the parameter’s value is, the 
better the repeatability effect of the horizontal gyro-
scope misalignment angle is (3 <2 <1). But this 
experiment profile is not arranged in the L9(33) or-
thogonal table. Therefore, the experiment profile of 
A3B3C3 should be taken into consideration in the gen-
eration of the accelerated stability experiment profile 
of inertial platform. With the consideration of experi-
ment efficiency and cost optimization, the profiles 3, 5 
and 9 are also selected as the optimum experimental 
design profiles for further research. 
Table 4  Orthogonal experimental results of accelerated stability experiment profile of inertial platform 
Parameter 
Number Level of A 
(temperature variation 
rate/(°C·min1)) 
Level of B 
(high temperature 
value/°C) 
Level of C 
(holding time/h) 
Misalignment angle standard variation


1 1(20) 1(70) 1(2) 0.012 459 
2 1(20) 2(80) 2(3) 0.011 838 
3 1(20) 3(90) 3(4) 0.010 415 
4 2(35) 1(70) 2(3) 0.011 984 
5 2(35) 2(80) 3(4) 0.010 549 
6 2(35) 3(90) 1(2) 0.011 824 
7 3(50) 1(70) 3(4) 0.011 320 
8 3(50) 2(80) 1(2) 0.011 940 
9 3(50) 3(90) 2(3) 0.011 097 
1 0.034 712 0.035 763 0.036 223 
2 0.034 357 0.034 327 0.034 919 
3 0.034 357 0.033 336 0.032 284 
Range 0.000 355 0.002 427 0.003 939 
 
     
3.2.  Generation of accelerated stability experiment
 profile of inertial platform 
In this paper, the orthogonal experiment design pro-
files 3, 5 and 9 and the current temperature profile are 
conducted by the simulation experiment of temperature 
cycle. At the same time, A3B3C3 profile is simulated 
from the initial moment. The repeatability requirements 
for the horizontal gyroscope misalignment angle error 
are analyzed to determine the optimum experiment 
platform. The stability requirement of a certain inertial 
platform is 0.013 in the past. But its new stability re-
quirement in the long term is 0.003 5, which means 
that the standard deviation of adjacent five data is less 
than 0.013 and 0.003 5. 
The simulation results of the horizontal gyroscope 
misalignment angle error drifting with temperature 
cycling of different experimental profiles are shown in 
Table 5. 
In this paper, the moving standard deviation is used 
to analyze the change law of the horizontal gyroscope 
misalignment angle. The moving standard deviation is 
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calculated as follows: 
 
 22
1
( 1)
j
k kij k j m
m
m m


  	


 
 (4) 
where m stands for the moving steps, taken as 5, k is 
the simulation value of horizontal gyroscope mis-
alignment angle. The 1 5i -  in the equation mean 
the profiles 3, 5, 9 and A3B3C3, as well as the current 
experimental profile respectively. And the 1-16j  in 
the equation refers to the order number in column 1 of 
Table 5. 
According to Eq. (4) of the moving standard devia-
tion formulation and the simulation data of the hori 
zontal gyroscope misalignment angles of inertial plat-
form in Table 5, it can be easily obtained that after six 
temperature cycles, the repeatability of profile 3, 5, 9 and 
A3B3C3 and the current experiment profile are 0.007 127, 
0.005 55, 0.006 34, 0.005 148 and 0.008 955 respec-
tively. Even though the stability degree value can meet 
the current requirement of 0.013, it is still far from the 
requirement of the stability design index of 0.003 5, 
which means that more cycle numbers are needed to 
determine the optimal temperature cycling profile. 
Then, the change law of the repeatability level of the 
horizontal gyroscope misalignment angle error of iner-
tial platform drifting with temperature cycle number 
for different experiment profiles is shown in Fig. 6.  
 
Table 5  Simulation result of inertial platform horizontal gyroscope misalignment angle 
Misalignment angle/(°) 
Number Cycle number 
Profile 3 Profile 5 Profile 9 Profile A3B3C3 Current profile 
1 Initial moment 0.004 0.004 0.004 0.004 0.004 
2 Cycle 1 0.037 0.038 0.038 0.037 0.038 
3 Cycle 2 0.017 0.016 0.017 0.018 0.017 
4 Cycle 3 0.029 0.032 0.031 0.028 0.034 
5 Cycle 4 0.017 0.016 0.016 0.017 0.015 
6 Cycle 5 0.023 0.026 0.023 0.022 0.031 
7 Cycle 6 0.016 0.018 0.017 0.015 0.017 
8 Cycle 7 0.022 0.024 0.025 0.020 0.028 
9 Cycle 8 0.016 0.017 0.016 0.016 0.015 
10 Cycle 9 0.021 0.022 0.023 0.020 0.024 
11 Cycle 10 0.015 0.016 0.017 0.015 0.016 
12 Cycle 11 0.019 0.020 0.020 0.021 0.022 
13 Cycle 12 0.014 0.015 0.015 0.015 0.015 
14 Cycle 13 0.019 0.020 0.020 0.019 0.019 
15 Cycle 14 0.014 0.014 0.014 0.014 0.015 
16 Cycle 15 0.019 0.019 0.019 0.019 0.017 
 
 
Fig. 6  Drift curve of simulation results of inertial platform 
horizontal gyroscope misalignment angle. 
3.3. Comparative analysis of simulation results 
It can be obtained from Fig. 6 that after six tem-
perature cycles the current temperature cycling profile 
could not effectively eliminate the residual stress, and 
the temperature cycling profile determined by the or-
thogonal experimental design has better influence on 
the accelerated stability of inertial platform. The results 
of comparative analysis are as follows: 
1) From the aspect of timeliness: the cycle numbers 
of profile 3, 5, 9, and A3B3C3 and the current profile 
should be 9, 11, 13, 9 and 15 respectively. As a result, 
the stability level of their horizontal gyroscope mis-
alignment error angle can reach the required value. The 
profile 3 and A3B3C3 have the best efficiency. 
2) From the aspect of operation conveniences and 
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cost minimization: profile 3 only needs to extend its 
holding time and adjust its temperature variation rate 
appropriately from the current profile condition. And 
the temperature variation rate of profile 9 and A3B3C3 
is the working limit of current enhanced experimental 
equipment. 
To sum up the above arguments, with the considera-
tion of the experiment efficiency and cost minimization, 
the profile 3 is selected as the optimal accelerated sta-
bility experiment profile of inertial platform. 
3.4. Effectiveness analysis of simulation optimal 
profile  
To verify the effectiveness of simulation optimal 
profile, we organize the following experimental valida-
tion procedure. Firstly, we validate the simulation op-
timal profile with actual test; secondly, we add 10g 
random vibration experiment after 9 times of tempera-
ture cycling, in which the vibration value is chosen ac-
cording to the practical experience. The experimental 
validation profile is presented in Fig. 7. The RMS means 
root mean square. 
 
Fig. 7  Experimental validation profile of simulation opti-
mal profile effectiveness analysis. 
Through the preceding validation procedure, we find 
that the simulation optimal profile has a consistent ef-
fect with the actual test result, and misalignment an-
gles’ stability improves little after random vibration 
experiment compared with the data after 9 times of 
temperature cycling, which reveals that vibration has 
limited effectiveness on the drift of inertial platform. 
Hence, under the conditions of the temperature 
variation rate of 20 °C/min high temperature of 90 °C 
and holding time of 4 h, temperature cycle is con-
ducted for nine times, enabling the inertial platform to 
effectively release its residual stress and become stable 
gradually. And then, the stability level of inertial navi-
gation system’s performance parameter can meet the 
requirements. 
4.  Conclusions 
Based on the in-depth analysis of the mechanism of 
inertial platform’s parameter drift caused by the resid-
ual stress release and the mechanism that temperature 
cycle can eliminate the residual stress, this paper pro-
poses the storage of establishing infinite element model 
of inertial platform using UG software and ANSYS 
software and realizing the generation of the accelerated 
stability experiment profile of inertial platform based 
on the ANSYS simulation using ANSYS thermal- 
structure coupling analysis. The main innovation points 
of this research are as follows: 
1) The releasing mechanism of residual stress is ex-
posed by the comprehensive analysis of experiment 
measurement and thermal-structure coupling method, 
and the fast stabilizing law of misalignment angle of 
inertial platform system is presented by the syntheti-
cally analysis of orthogonal experimental design and 
ANSYS method, which contribute much to the re-
search of inertial platform system parameters’ stability. 
2) The UG software and the compatibility of 
ANSYS’ interface are applied to realize the accurate 
modeling of inertial platform’s complex solid model. 
And then the residual stress is loaded into the finite 
element model of inertial platform, whose correctness 
is proved by the comparative analysis of measurement 
results. Finally, the analysis method of thermal-  
structure coupling is skillfully used to realize the gen-
eration of the accelerated stability experiment profile 
of inertial platform based on ANSYS. 
3) With the orthogonal experimental design and 
ANSYS thermal-structural coupling simulation analy-
sis, a group of optimal accelerated stability experiment 
profiles of inertial platform are determined. And it is 
also proved by comparing these profiles with existing 
profiles that these profiles are of better effect for re-
sidual stress release. The research results are of great 
significance for improving the stability design of the 
inertial platform’s parameters. 
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